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When manufacturing pharmaceuticals for parenteral use. one of the nnost irrportant prerequisites is that the prod- 
ucts included in the pharnraceutica! are non-pyrogenic. i.e. that the endotoxin concentration of the pharmaceutical con- 

5 c^ed is so low that only very small biological ^fects or no biological effects can be detected with conventional test 
systems (limulus tests = UU. or temperature increase in rabbits). Endotoxins are high molecular complexes associated 
with the outer cell wall of Gram-negative bacteria (eg. E. Coli. Proteus or Salmonella), from which lipopdysaccharides 
(LPS) can be released (endotoxins. 0-antigens) (Rietschel. E.T.. et al. in Bacterial Endotoxins: Structure. Biomedical 
Significance and Detection with Umulus Amebocyte Lysate Test, pages 31-50. Alan R. Liss Inc.. 1985). 

10 Endotoxins are present in and are often the cause of the clinical symptoms in sepsis and in ARDS and DIG (adult 
respiratory distress syndrome and direct intravffictdar coagulation respectively) (Zaren. a and Hedstrand. U.. Intensiv- 
v6rd. pages 63-64. Uppsala University. Reprocenlralen HSC 1989). 

Subsequent to having treated patients suffering from, e.g.. septicemia with antibiotics, it is wen known that the tem- 
perature of the patient will rise a that a further fever peak wiH occur, soolled Herxheimer-s reaction, wherewith dead 

15 bacteria and parts thereof, including endotodns. enter the Uood circulation. 

Clinical signs of the effect of endotowns («ie limit at which these can be shewn is about 5 EU per kilo of body weight 
in rabbits and human beings) can sometimes be observed when pharmaceuticals and nutrient solutions are adminis- 
tered parenterally. In flie case of human beings and rabbits for instance, the clinical signs are manifested by a feverish 
state, due to the ability of the endotrodns to release endogenic pyrogens which influence the thermoregulatory centre 

20 in the certral nenmus system. Other manifestations can also be observed in the central nervous system (Nowotny. B.. 
Natunwissenschaft 58. pages 397-409. 1971). Such cardiovascular changes as hypotension and permeability changes 
in arteriole and venules, for instance, may explain certain important organ changes which often occur in Gram-negative 
sepsis (Zaren. B. and Hedstrand. U.. Intensiwdrd. pages 63-64; Uppsala University. Reprocentralen HSC. 1989: Now- 
otny. a. I^nwissenschaft 58. pages 397-409. 1971; Gilbert R.R. Physiol. Rev. 40. 245. I960: Vick. J.A.. Am. J. Phys. 

S5 200.944.1964). 

Those depyrogenizing methods which can be applied in vitro today are based on two princ^e techniques, namely 
a) to guard against endotoxin contan^nation and b) to remove endotoxins during formulation. 

It is difficuH to carry out the first method a) strictly, because it is necessary for aseptic conditions to presfail during 
the whole of the formulating process and also during the preparation of starting materials. The second method b) has 

30 resuned in the development of different fiftering methods, these methods including the use of asbestos filters, ion 
exchangers, and have involved adsorption on activated carbon or on barium sulphate suspensions, gamma radiation, 
filtration through membranes having an exclusion limit ranging from 100,000 Daltons to 0.1 micron of endotoxin aggre- 
gate, the si43ply of amebocyllysate and the removal of the gel formed, and also the use of uHrafitters having an exclu- 
sion Hmit of 10.000 Dahons for filtering-out non-aggregated endotoxins. At the present time, ultrafiltration is primarily 

35 applied industrially, whereas the other methods have been abandoned, with the exception of asbestos filtration. Two 
depyrogenizing methods, namely autoclaving alone or in conijination witti extremely low pH-values now have limited 
value because of their low efficiency and because of damage caused to the products (Mosier. LD.. et al. J. Parent. Sd. 
and Technol.. Vol. 41. Na 1. pages 21-25. 1987). The ultrafiltration method, however, results in high production costs, 
because of the expensive material and high woridng costs involved. Furthermore, the equipment used is often highly 

40 space-consuming and often of doubtful efficiency, resulting in floating exclusion limits and enabling endotoxins to pass 
through the filters to some extent 

One particular problem in this regard is the assaying of endotoxins in biologically active substances, such as coag- 
ulation factor 2 (prothrombin) for instance, or when the sample material is highly restricted but has a very high biological 
potency, there excluding the use of both the limulus test and a«>erimental animals. 

45 So-called plasmapheresis and hemoperfusion through filters that contain an immobilized product of polymyxin B 
have been tested iojmfi for the purpose of rernoving endotcodns from the blood path. 

European Patent Specification iyio. EP-A-0333474 relates to selective removal of endotoxins from endotoxin-con- 
taminated aqueous solutions specifically containing physiologically-active high-molecular weight substances (valuable 
proteins) for iriection or parenteral administration. The solution is contacted with an adsorbent capable of specifically 

50 adsorbing ttie protein ttiereon. The immobifized protein is contacted with a solution containing an amino compound, e g. 
arginine. for selectively removing the endotoodns. while the protein is eluted from the adsorbent. 

Description of the Invention 

55 The invention relates to a method of removing endotoxins from water, phamiaceutically useful solutions, phamia- 
ceutical preparations, plasma or blood, said method comprising filtaring the water, pharmaceutically useful solutions, 
phanraceufical preparations, plasma or blood through a bed which contains an imntobilized compound according to 
fonnula (I) 
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COOH - CH - (CH2)x - A (I) 
I 

NH2 



in which X is an integer of from 2 to 5 and 

A signifies -NH-C(=NH)-NH2 or -CH2-NH2. 
The pharmaceutical preparation may contain a biologically active component such as a coagulation factor for 
Instance. 

The invention also includes the use of an Immobilized compound according to formula (Q for removing endotcodns 
from water pharmaceutlcally useful solutions, pharmaceutical preparations, plasma or Uood. and also a method of 
IS enriching endologdns. said Rwlhod coirprlsing passing water or a pharmaoeulical solution containing endotoxins 
through a column which contains an immobilized compound according to tomfula (Q- 

By 'arginine or structurally related substances' is meant in the following compounds aoconiing to fonnula (0- 

Other features of the invention will be apparent from the following description and from the claims. 

The use of the inventive compounds will now ba exemplified with the aid of a nurrber of test examples. 
20 Immobilized arginine in the form of Arginin-Sepharose® (Kabi Phannada Hne Chemicals) was used experimen- 
tally to bind endotoodns in aqueous solution with the Mention of further evaluating the binding ability of the endotadns 
with the aid of {[LyiyD and joJdim techniques. Test Examples 1 and 2. 



Test Example 1 

25 

A small amount of chemically pure glass wool was inserted into each of six Pasteur pipettes to form a column pack- 
ing. The resultant columns were washed vnth 6 M hydrochloric add three times and then wHh sterilized water and abso- 
lute alcohol to ot>tain a neutral reaction. The columns were then dried at 180°C for four hours in a heated cabinet 1 ml 
of Arginin-Sepharose® (gel for affinity chromatography from Kabi Pharmacia Fine Chemicals) to each of these col- 

■30 umns. The columns were then washed writh 1 0 total volumes of sterilized water, whereafter 2000 EU of endotoxins from 
E. CoO were introduced to the columns and allowed to drip therethrough. 1 ml of sterilized water was then introduced 
into each of said columns, this water also being allowed to drip through the columns. The water that had passed through 
respective columns was collected (a total of 1 .5 ml was collected from the columns, i.e. an amount sufficient to cover 
the total volume phis the void volume). A physiological saline solution (0.9% sodium chloride solution) was then added 

35 to this Kquid. so as to obtain a volunrwd 40 ml. Each d six rabbits was administered intraveno^ 10 ml of this 
mixture for each kOo of body weight and the temperature of the rabbits was recorded once every thirty minutes with the 
aid of a rectally applied constant-reconfing analogue temperature probe. Each of six further rabbits were administered 
intravenously with 10 ml of a physiologicai sodium chtoride solution for each kilo of body weight, said sodium chloride 
solution being admixed vrth 500 EU endotoxin per Wto of body weight. The endotoxin was taken from the same batch 

40 as that mentioned above. The temperature was measured in the same manner as that aforedescribed. These latter rab- 
bits were used as reference animals (see Figure 1 and Tables 1 and 2). A limulus test for endotoxins vras carried out on 
those Iquids that had passed through the six Arginm-Sepharose® columns. The solution from all six beds or columns 
showed a negative restit Le. the endotoxin concentratfon did not exceed the detection limit for this system (0. 1 2 EU). 



45 Table 1 

Temperature change in rabbits over a period of 3.0 hours subsequent to injecting endotoxin solutfon, corresponding 
to 500 EU/kg body weight whk:h had passed through an Arginine-Sepharose® bed. 

A GduUon of an equivalent amount of endotoxins with an 0.9% saline solution was used as a reference substance. 
50 The mean value disclosed in the Table relates to the area between the line of the initial temperature and the fever 
chart forn number of ob6ervation& 



Groip 


Mean Value ISEM 


n 


a. Arginine-Sephiarose® 

b. Reference 


0.34 ±0.12 
^61 10.24 


6 
6 


aA>p<0.05 
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Table 2 

5 Maximum rise in the rectal temperature of rabbits sut>seqeunt to irqeding endotoxin solution corresponding to 500 
EU/kg body weight that had passed through an Argirine-Sepliarose® bed. 

Physiological saBne solution in which an equivalent amount of endotoxins (500 EU) had been dissolved was used 
as a reference substance. 

The Tdble shows the mean value of n number of observations. 

10 



Group 


Mean Value ±SEM 


n 


a. Arginine-Sepharose*'' 

b. Reference 


0.2410.05 
1.33 ±0.06 


6 
6 


a/b p<0.05 



20 

Test Example 2 

A separate eo^eriment was carried out invHro using five different columns which contained endotoxins bound to 
immobilized ar^ne in the form of Arglnine-Sepharose® <Ka« Pharmacia Rne Chemicals). These columns were pre- 
ss pared in accordance with the aforedescrtoed Example 1 . The columns were washed with sterilized water, whereafter 
1 400 EU of endotoxins obtained from E. CoB were dripped through the columns. The columns were then eluted with 2 
ml of a physiological saline solution (0.9%). whereafter the concentration of endotoxins in the eluate was determined 
with the aid of a limirfus test Tliis test was chosen because H is an accepted method (Ph. Eur., V. 2.1 .9.) and because 
the method shows the presence of endotoxins in the solution clearly. The concentration of active endotoxins was meas- 
30 ured in the eluate obtained from all five columns and was found to be >1 1 0 EU/ml. A further elution was canied out with 
2 ml of a 1 .8% sodium chloride solution and the endotoxin-cencentralion of the eluate from all five columns was deter- 
mined and found to lie within the range of 110-220 EU/ml. 

The experiment showed that endotoxins bonded to the Arginine-Sepharose® in the column and that these bonds 
could be broken by eluting vnth a sarne solution (0.9 or 1.8%). 
35 It is evident from the eiperimenis disclosed in the Test Examples that: 

- Arginine in an immobilized form has an affinity to and effectively binds endotoxins (see Tables 1 and 2). 

- Endotoxins are bound to Aiglnin-Sepharose* and can be eluted therefrom. 

40 

The temperature Inhtoltion con-esponds to a general endotoxin inhibition, as the immobilizing experiment with 
Arginine-Sepharose® Indicates very dearly. 

Under the aforesaid conditions, endotoxins can also be removed by hemofiltration. using a filter <which contains 
immobaized ar^nine or stnwtuiBlly^elated substances. Such filters can also be used to renrave pyrogens from dslilled 

45 water in the manufacture of pharmaceutical preparations intended for intravenous, intramuscular, intracutaneous or 
intraperitoneal use. and can also be removed from the pharmaceutical preparations themselves. Immobilized arginine 
or stnjcturally-related substances can also be used to enrich endotoxins for further quantative determination from such 
solutions as those which are biologically highly active, for example coagulation factor 2 (prolhroinbin). and factors 8, 9 
and 1 0. The same method can ateo be used to remove endotoxins from solutions intended for parenteral use. 

59 Uremia patients who undergo hemodialysis represent a large area in which nnmobilized arginine or structurally- 
related substcnces can be used. These patients relatively often suffer from endotoxin effects, due to the endotoxins 
penetrating the dialysis filters. 

aalms 

55 

1. A method of remoiring endotoxins from water. pharmaceulicaDy useful solutions, pharmaceutical preparations, 
plasma or blood, characterized by filtering the water, pharmaceutically useful solutions, phannaceutical prepara- 
tions, plasma or blood through a bed which contains an inmobifoed cornpound according to formuta 
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COOH-CH-(CH,),-A 




(D 



in which x is an integer of from 2 to 5 and 

A signifies - NH - C(= NH) - NHj or - CHj - NHj. 

2. A method according to daim 1 , characterized in that the pharmaceutical preparations contain a biologically active 
component. 

3. A mefliod according to dalm Z, characterized in that the biologically active component is a coagulation factor. 

4 The use of an immobilized compound according to Ibntiula (I) in which x is an integer of from 2 to 5 and A signifies 
■NH-C(=NH)-NH2 or -CH2-NH2 for removing endotoxins from water, solutions tor pharmaceutical use. pharmaceu- 
tical preparations, plasma or blood. 

5. A method of enriching endotoxins, characterized by passing water or a pharmaceutical solution containing endo- 
tCDdns through a column wHh an immobilized compound according to formula (I) in which x is an integer of from 2 
to 5 and A signifies -NH-C{-NH)-NH2 or -CHr NHg. 

PatentansprOche 

1. Vbrfehren zum Entfemen von Endotoxinen aus Wasser, phamiazeutisch geeigneten L^ungen, pharmazeutischen 
Zubereitungen. Plasma Oder Blut. 

getennzeichnetdurch FiHrieren des Wtesersderpharmazeutisch geeigneten Wsungen. pharmazeutischen Zube- 
reitungea von Plasma Oder Blut durch ein Bett. enhaltend eine immcbilisierten Veibindung der Fbrmel (I) 



C(X)H-CH-(CH,),-A 




(I) 



in der X eine ganze ZaW von 2 bis 5 ist und A -NH-C(- NH)-NH2 Oder -CHa-NHg bedeuteL 

2. Verfahren nach Anspruch 1 . 

dadurch gekennzeichnet. daB die pharmazeutischen Zubereitungen eine bidogisch ai<tive Komponente enthalten. 

3. Verfahren nach Anspnich 2, 

dadurch gekennzeichnet. daB die biologisch aKHve Komponente ein Koagulationsfaktor ist 

4. Venwendung einer immobilisierten Verbindung der Forme! (I), in der x eine ganze Zahl von 2 bis 5 ist und A -NH- 
C(= NH)-NH2 Oder -CHj-NHg bedeutet. zur Entfemung von Endotoxinen aus Wasser. UJsungen zur pharmazeuti- 
schen Veiwendung, pharmazeutischen Zubereitungen. Plasma oder Blut 

5. Verfahren zur Anreichung von Endotoxinen. dadurch gekennzeichnet daB man Wteser oder eine pharmazeuli- 
sche LOsung. enttuKend Endotoxine. durch eine Saule leitet mit einer immobilisierten Verbindung der Fbnnel (0. 
in der x eine ganze ZaHvon2bis5istundA -NH-C(- NH)-NH2 oder -CHs-NHz bedeutet 

RevendlcaUons 

1. ProcM6 destin6 d s^er les endotoodnes de I'eau. de solutions pharmaceutiquement utiles, de preparations 
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pharmaceutiques. du plasma ou du sang, caract6ris6 par le fait de f ntrer I'eau. les solutions pharmaceutiquement 
utiles, les preparations pharmaceutiques. le plasma ou le sang i travere un lit qui contient un compcs6 immobilis* 
selon la fornuile (I) 



dans laquelle x est un nomtwe entier de 2 ft 5 et A signifie - NH • C(=NH) - NHg ou - CHj - NHj. 

IS 2. Proc6d6 selon la revendication 1 . caract6ris6 en ce que les preparations phamiaceutiques contiennent un compo- 
sant biologiquement actif. 

3. Proc6d6 selon la revendication 2, caract6ris6 en ce que le composant biologiquement actif est un tacteur de coa- 
gulaiioa 

20 

4. Utilisation d un conpos6 immobllis6 selon la fonnule (I) dans laquelle x esit un nombre entier de 2 ft 5 et A signHie 
- NH • C(=NH) ■ NH2 ou - CHa - NHa pour s6parer les endotoxines de I'eau. des solutions pour usages pharmaceu- 
tiques. des preparations pharmaceutiques, du plasma ou du sang. 

25 5. Proc6d6 destin6 ft Tenrichissentent d'endotoodnes. caract6ris6 par le fait, de faire passer de Peau ou une solution 
pharmaceutique contenant des endotoxines dans une cokxine avec un connposft immobilis6 selon la formule (I) 
dans laquelle x est un nombre entier de 2 ft 5 et A signifie - NH - C(»NH) - NHg ou - CHg - NHg. 



35 
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CCXDH-CH-(CH,),-A 



(I) 



10 



NH, 
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